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Sets of Natural Numbers T Sets of Natural Numbers L

class Natural { class Natural {

Natural (int n){ number=Math.abs(n):;: } Natural (int n){ number=Math-abstn); }

int number; int number;

public boolean equals(Natural n)<{ public boolean equals(Natural n)<{

return n.number == number; return n.number == number;

} + oA e ?"lopé) (02>
¥ }

Set<Natural> set = new HashSet<>(); Set<Natural> set = new HashSet<>(); oo

set.add (new Natural(0)); set.add(new Natural(0));

set.add (new Natural(0)); set.add (new NaturallOJ));

System.out.println(set) ;| System.out.println(set);

>$ java Natural
[0,0]

A Why? |s HashSet buggy?
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Generalization [ \ i Generalization U]

Let’s think language independent! Let’s think language independent!

nl.equals(n2); = equals(ni,n2);
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Methods are dynamically dispatched ) Example: Java [4] T

Java determines generic function signatures implicitly at each call site from
the static types of the arguments.

) dispatches to N Object ol = new Natural(1l);
to name(t1 p1,...tn Pn) to namg(t1 paf....tn pn) Object 02 = new Natural(2);
y belongs to |
equals (ol,02);

Signature for call to generic function:
|Zl?.1als(ﬂbject, Object)

determines

specializes

Specializer
t'g, t'1

Concrete methods within Natural:

boolean equals(Natural ni, Natural n2)

boolean equals(Object ol, Object 02)
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i Mini-Quiz: Java Method Dispatching i

C(I"/' 6y ma\c""’"’{ < class A {

Java determines generic function signatufes implicitly at each call site from

Example: Java [4]

i public static void p (Object o) { System.out.println(o); }

the static types of the arguments. 0 ua(g (‘ 0({](,4{ o)% public void m1 (A a) { p("m1(A) in A"); IF

9 public void m1 () { mil(new B()); }

Object ol = new Natural(l); private static void m2 (A a) { p("m2(A) in A"); }

Object 02 = new Natural(2); public void m2 () { m2(this); }

equals(ol,02); }

Signature for call to generic function: class B extends A {

PqMals(iject, Object) | 1 public void ml (B b) { p("m1(B) in B"); b

public void m2 (A a) { p("m2(A) in B"); 1

? public void m3 () { super.ml1(this) ; 3

Concrete methods within Natural: Bb=newBO: Aa=b: ani(b); n /[@) A E

A Specializer il‘! Javaonly for 1,,516an equals (Natural nl, Natural n2)
return type and first argument

boolean equals(Object ol, Object o02) |

boolean equals(Natural ol, Object 02)




Mini-Quiz: Java Method Dispatching T Mini-Quiz: Java Method Dispatching i

class A { class A {
public static void p (Object o) { System.out.println(o); } public static void p (Object o) { System.out.println(o); }
public void ml (A a) { p("m1(A) in A"); } public void ml (A a) { p("m1CA) in A"); }
public void m1 () { ml(new B()); } public void m1 () { ml(new B()); }
private static void m2 (A a) { p("m2(A) in A"); } private static void m2 (A a) { p("m2(A) in A"); 3
public void m2 () { m2(this); } public void m2 () { m2(this); }

} }

class B extends A { class B extends A {
public void m1 (B b) { p("m1(B) in B"); } public void m1 (B b) { p("m1(B) in B"); ¥
public void m2 (A a) { p("m2(A) in B"); } public void m2 (A a) { p("m2(A) in B"); }
public void m3 () { super.ml1(this); } public void m3 () { super.ml1(this) ; }

} }

B b = new B();a= b;1(b); mi(A) j_n Bb=new BO; Aa=>b; a.ml(b); mi(4) in A

B b = new B();a=b; b.mi(a); mﬂ{n“\y\:\ﬁ
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Mini-Quiz: Java Method Dispatching T Mini-Quiz: Java Method Dispatching i

class A { class A {
public static void p (Object o) { System.out.println(o); } public static void p (Object o) { System.out.println(o); }
public void m1 (A a) { p("m1(A) in A"); } public void m1 (A a) { p("m1(A) in A"); }
public void ml () { ml(new BQ); } public void ml () { ml(new B()); }
private static void m2 (A a) { p("m2(A) in A"); } private static void m2 (A a) { p("m2(A) in A"); }
public void m2 () { m2(this); } public void m2 () { m2(this); }

} }

class B extends A { class B extends A {
public void m1 (B b) { p("m1(B) in B"); } public void m1 (B b) { p("m1(B) in B"); }
public void m2 (A a) { p("m2(A) in B"); } public void m2 (A a) { p("m2(A) in B"); }
public void m3 () { super.ml(this); } public void m3 () { super.ml1(this) ; 3

¥ }

Bb=mnew B(); A a="5b; a.mli(b); m1(A) in A Bb=mnew B(; Aa=>b; amnl(b); mi(4) in A

Bb=mnewB(O; Ba="5b; b.mi(a); ml(B) in B Bb=mnewB(O; Ba=">b; b.ml(a); ml1(B) in B

Bb-=

new BOQ; b.m1(); Lt 4{/@) Lc..?&




Mini-Quiz: Java Method Dispatching

class A {

}

public static
public
public
private static
public

class B extends A

}

Bb

Bb
Bb

public
public
public

new B(); A

new B(); B
new B(); b.

Dispatching Method Calls

void p (Object o) { System.out.println(o); 7
void m1 (A a) { p("m1(A) in A"); }
void m1 () { ml(new B()); }
void m2 (A a) { p("m2(A) in A"); }
void m2 () { m2(this); }
{ cff/d
void m1 (B b) { p("m1(B) in B")& }
void m2 (A a) { p("m2(A) in B"); }
void m3 () { super.mi(this); }
a=>b; a.ml(b); mi(A) in A
a=">b; b.mi(a); ml1(B) in B
ml(); mi(A) in A
Fomal 8131

Mini-Quiz: Java Method Dispatching

class A {

}

public static
public
public
private static
public

class B extends A

}

Bb-=
Bb-=
Bb-=
Bb-=

public
public
public

new B(); A
B(O; B
BO; b.

B(); b.

new

new

new

Dispatching Method Calls

void p (Object o) { System.out.println(o); }
void m1 (A a) { p("mi(A) in A"); }
void m1 () { mi(new B(Q)); }
void m2 (A a) { p("m2(A) in A"); }
void m2 () { m2(this); }

{

void m1 (B b) { p("m1(B) in B"); }
void m2 (A a) - p("m2(A) in B"); }
void m3 () { super.ml(this); }
a=Db; a.mli(b); ml1(A) in A
a=Db; b.mi(a); ml(B) in B
mi(); mi(A) in A
m2(); m2(A) in A

Mini-Quiz: Java Method Dispatching

class A {

}

public static
public
public
private static
public

class B extends A

}

Bb-=
Bb-=
Bb-=
Bb-=

public
public
public

BO; A
BO); B
BO; b.
B(O); b.

new

new

new

new

Dispatching Method Calls

void
void
void
void
void

{

void
void
void

p

ml
ml
m2
m2

ml
m2
m3

(Object o) { System.out.println(o);

A a) {
O A1
A a) {
O 1

(B b) {
(4 a) {
01

a =b; a.ml(b);

a =b; b.ml(a);

mi();
m2(Q);

p("m1(A) in A");
mi(new B(O));
p("m2(A) in A");
m2(this);

p("m1(B) in B");
p("m2(A) in B");
super.ml1(this) ;

Mini-Quiz: Java Method Dispatching

¥

}

¥

IF

}

¥

}

}
mi(A) in A
mi(B) in B
mi(A) in A
Formal  8/31

class A {
public static void p (Object o) { System.out.println(o); }
public void m1 (A a) { p("m1(A) in A"); 3
public void m1 () { mil(new B()); }
private static void m2 (4 a) { p("m2(A) in A"); ¥
public void m2 () { m2(this); }

}

class B extends A {
public void m1 (B b) { p("m1(B) in B"); }
public void m2 (A a) { p("m2(A) in B"); It
public void m3 () { super.ml1(this) ; 3

}

Bb=mnew B(; Aa=>b; amnl(b); mi(A) in A

Bb=mnew B(; Ba=>b; b.mi(a); mi(B) in B

Bb=mnew BO; b.ml1(); mi(A) in A

Bb=mnew BO; b.m2(); m2(A) in A

Bb=mnew BO; b.m3(); mi1(A) in A
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So what is happening here?

Let’s look at what Java does!
The Java platform as example for state of the art OO systems:

@ Static Javac-based compiler
@ Dynamic Hotspot JIT-Compiler/Interpreter

Let’'s watch the following code on its way to the CPU:

public static void main(String[] args){
Object ol = new Natural(1);
Object o2 = new Natural(2);
ol.equals(o2);

}
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